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Abstract 
     Two detached breakwater projects in Louisiana were investigated.  At Grand Isle, 
Louisiana, breakwaters do not seem to have caused any sediment deposition.  Airphoto 
analysis indicated that the breakwater field has caused changes in morphology, though.  
At Holly Beach, Louisiana, breakwaters have caused sediment deposition, specifically 
low tide tombolos.  Analysis of survey data and tracer data indicated that the 
beach/breakwater system is in a state of dynamic equilibrium at high tide, and static 
equilibrium at low tide.  In addition, wave heights measurements were made in the 
vicinity of one breakwater segment and compared to incident wave height.  Examination 
of the data indicated that the incident wave characteristics had little correlation with wave 
heights in the immediate area of and landward of the structure. 
 
 v
Chapter 1 
Introduction 
1.1 Introduction to Issue      
     It is well known that coastal environments, particularly beaches, are among the most 
dynamic of geomorphic environments.  According to recent estimates (Nordstrom 2000), 
about eighty percent of the worlds beaches and barriers are currently undergoing erosion.  
This is especially true in the Gulf of Mexico, where subsidence coupled with a slow rise 
in sea level has created an ideal environment for coastal erosion.  Britsch and Dunbar 
(1993) estimated that the Louisiana coast is eroding at a rate of around forty-two square 
kilometers per year.  A variety of methods have been employed to mitigate this problem 
(LCWCRTF 1998), and this study will explore the effectiveness of one in particular – 
detached breakwaters. 
    Masselink and Hughes (2003) define detached breakwaters as ‘shore-parallel structures 
placed seaward of the shoreline… designed to dissipate… incident energy.”  The purpose 
of detached breakwaters is to protect the shoreline by attenuating the wave energy that 
reaches the coast.  When built in the proper dimensions detached breakwaters can cause 
deposition to occur, via circulation patterns that develop landward of the structures in 
their shelter zone (Ming and Chiew 2000).  Deposition typically takes the form of salients 
or tombolos (Figure 1.1).  A salient is a cuspate feature that forms in the lee of an 
obstruction to wave energy (Woodroffe 2002).  A tombolo is essentially a salient that 
extends from the main shoreline to the obstruction.   
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Figure 1.1 Two possible forms of deposition landward of a detached breakwater, A:  
salient, a cuspate feature formed in the lee of the structure, and B:  tombolo, 
essentially a salient that extends to the breakwater. 
 
     Detached breakwaters have only recently been extensively implemented as protective 
structures in the United States (Pope and Rowen 1983, Hsu et al. 2003).  Their effects, 
therefore, have not been as thoroughly studied as those of other hard stabilization 
structures, including seawalls, jetties, and groins.  Most of the available work, e.g. Pope 
and Dean (1986), Suh and Dalrymple (1987), Hsu and Sylvester (1989), Hsu and 
Sylvester (1990), McCormick (1993), Ming and Chiew (2000), Hsu et al. (2003), has 
focused on engineering design, and not on documenting disruption or alteration of 
nearshore processes.  The present study will contribute to filling this gap by examining 
the impact of detached breakwaters on nearshore processes in Louisiana. 
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1.2 Research Questions and Objectives 
     The broad objective of this study is to document the effects of two detached 
breakwater projects on the Louisiana coast (Figure 1.2).  The first project fronts the 
eastern half of Grand Isle, Louisiana.  The second is the Holly Beach breakwater field, 
just east of the town Holly Beach, La   
     Preliminary examination of aerial photography indicated that at Grand Isle little or no 
shoreline realignment took place following breakwater construction, and there is no 
evidence of salient or tombolo formation (Figure 1.3).  Thus the research question is: 
Have the structures had any effect on the island’s morphology, and if so, of what nature?  
A multitemporal sequence of aerial photographs is analyzed to address this issue.   
     At Holly Beach, preliminary evaluation revealed that breakwaters did generate the 
expected morphologic effect, i.e. salient/tombolo formation (Figure 1.4).  In the 
literature, it is suggested that such deposition represents a stable equilibrium form, and 
that the wave energy distribution landwards of and adjacent to the breakwaters will be 
controlled more strongly by the influence of the structures, rather than incident wave 
characteristics.  The research questions addressed at Holly Beach were: 1) Is the system 
in equilibrium?, and 2) Is the wave field landward of the breakwaters influenced more 
strongly by the breakwaters or the incident wave characteristics?  To address these 
questions, a field study was conducted to measure wave height distributions around a 
detached breakwater at the Holly Beach site.  Additionally, to assess equilibrium state 
and beach stability, tracers were released into the nearshore and topographic surveys 
were conducted on three dates.  
 3
  
Figure 1.2 Locations of Grand Isle and Holly Beach, La. 
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Breakwaters 
No Sinuosity
 
Figure 1.3 2001 CIR airphoto mosaic of Grand Isle. No development of shoreline sinuosity or salient formation 
landward of the detached breakwater field is apparent. 
Source: USGS. 
Date: 03/26/2001.
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Salients 
 
Figure 1.4 Compressed portion of 2004 DOQQ showing salients at the Holly Beach breakwater field. 
Source: ATLAS. 
Map Name: Peveto Beach Southeast. 
Date: 02/27/2004.
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1.3 Expected Results 
     A barrier island typically translates over time in the direction of longshore currents, 
meaning the upcurrent end will erode while the downcurrent end accretes.  This was the 
case at Grand Isle before the construction of the detached breakwater field (Parker 1978).  
However, breakwaters have been shown to affect the longshore transport regime by 
promoting deposition on the upcurrent end and starving deposition on the downcurrent 
end (Figure 1.5), which would prevent such translation of the barrier island (Pope and 
Rowen 1983, Pope and Dean 1986, Nakashima et al. 1987, and Stone et al. 1999).  
Therefore it is expected that accretion will occur at the upcurrent end of the Grand Isle 
breakwater field following construction, while the downcurrent section will experience a 
slowing or halting to accretion, and possibly some degree of erosion (Figure 1.5).  
 
Figure 1.5 Hypothetical shoreline response to a detached breakwater field. 
     At Holly Beach, the shoreline morphology shown in the aerial photography strongly 
suggests an equilibrium state.  Therefore, it is expected that the breakwater’s influence 
will be more significant than the incident wave characteristics in determining the spatial 
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distribution of wave heights landward of and adjacent to the structures.  If this hypothesis 
is correct, analysis of the data should show that incident wave height has little or no 
control on wave heights near the structure and comparison of the two should yield weak 
statistical relationships.  Secondly, the results of the topographic surveys should 
demonstrate that the beach/breakwater system at Holly Beach is very stable and exists in 
a strong state of equilibrium.  The tracer experiments will provide evidence as to the 
specific state of equilibrium.
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Chapter 2 
Literature Review 
     Several important concepts concerning detached breakwaters are discussed in this 
chapter.  The first section deals with the nature of  deposition occurs landward of a 
breakwater, and the resulting equilibrium state that a beach/breakwater system may 
develop.  A brief discussion of modal states associated with detached breakwaters 
follows.  In Sections 2.3 and 2.4, previous work relating breakwater dimensions to 
salient/tombolo deposition is reviewed.  Finally, consideration is given to salient and bay 
shape, and a summary of the effects of detached breakwaters on shoreline position is 
presented. 
2.1 Circulation and Equilibrium behind Detached Breakwaters 
     The mechanism initially responsible for accretion in the lee of a detached breakwater 
is wave diffraction (Ming and Chiew 2000).  Incident waves spread into the sheltered 
region behind the structure, causing distinct circulation patterns to develop (Figure 2.1a).  
First, two circular currents develop on each side of the centerline that extends from the 
midpoint of the breakwater to the shore (Ming and Chiew 2000).  These currents are 
caused by localized longshore drift towards the centerline, which Ming and Chiew (2000) 
attribute to the “zigzag” motion of wave runup and rundown associated with the approach 
angle of the diffracted wave crests.  Additionally, Ming and Chiew (2000) state that once 
the system has reached equilibrium, waves will break simultaneously alongshore and the 
crests will be oriented perpendicular to the reshaped shoreline, negating the “zigzag” 
motion of runup and rundown (Figure 2.1b).  Consequently, sediment transport and 
circulation toward the breakwater centerline become negligible (Hsu and Sylvester 1989, 
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Ming and Chiew 2000). The third current identified by Ming and Chiew (2000) is a 
shore-normal landward current caused by the interaction of diffracted wave fronts that 
meet at the center of the breakwater (Figure 2.1a).  Ming and Chiew (2000) consider this 
current to be a significant limiting factor in the seaward growth of the deposition. 
 
 
 
Figure 2.1 a) Schematic of circulations landward of a detached breakwater 
(modified from Ming and Chiew 2000) and 2.1 b) Equilibrium shoreline behind a 
detached breakwater.  
 
 
 
 10
     Where Ming and Chiew (2000) focus on the reworking of sediments as the basis for 
salient/tombolo development, Hsu and Silvester (1989) attribute this development, at 
least partially, to sediment inputs from the littoral system.  There is evidence in the 
literature that both processes play a role.  Previous researchers have noted 1) an effect of 
breakwaters on the longshore transport system, indicating the use of littoral sediments 
(Toyoshima 1982, Pope and Rowen 1983, Pope and Dean 1986, Bowman and Pranzini 
2003, and Thomalla and Vincent 2003), and 2) a landward movement of the shoreline 
immediately behind the extremities of breakwaters suggesting that these sediments may 
be reworked towards the breakwater centerline (Hsu and Silvester 1989, Hsu and 
Silvester 1990, McCormick 1993, Ming and Chiew 2000, and Hsu et al. 2003).  
Furthermore, the nature of the deposition, salient or tombolo, can impact longshore 
transport (Pope and Dean 1986).  For the case of stable tombolo development, the system 
can be said to be in static equilibrium, meaning sediment transport into and out of the 
system is minimal (Pope and Dean 1986).  When stable salients are formed, the system 
exists in dynamic equilibrium, and longshore transport is free to operate through the 
system (Pope and Dean 1986).  At the Holly Beach site, it is expected that both types of 
equilibrium exist, due to the nature of the deposition there (low tide tombolos/high tide 
salients).  At Grand Isle, if the system were in equilibrium, it would be in dynamic 
equilibrium.    
2.2 Morphological Response to Breakwaters      
     Pope and Dean (1986) developed a conceptual model of shoreline response to 
breakwaters based on data from several projects in the United States (Figure 2.2).  
Qualitatively, shoreline response to a breakwater system can be classified into five
 11
  
 
Figure 2.2 Conceptual model depicting responses to detached breakwaters. 
Note: The original six experimental breakwaters at Holly Beach are plotted here, not the structures discussed in this paper. 
Source: Pope and Dean (1986).
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groups: permanent tombolos, periodic tombolos, well developed salients, subdued 
salients, and no sinuosity.  It is worth noting that several projects are plotted twice on 
Figure 2.2 because breakwater-induced morphology may vary with tide and/or season 
(Pope and Rowen 1983, Pope and Dean 1986).  This situation occurs at Holly Beach, 
with tombolos at low tide and salients at high tide.  The Grand Isle site falls into the ‘no 
sinuosity’ category (Pope and Dean 1986). 
2.3 Salient Apex Position 
     Several researchers have attempted to quantify salient apex position, the position of 
the salient tip relative to the breakwater, in relationship to breakwater configuration.  Hsu 
and Silvester (1989) examined 46 sets of experimental data from both model and 
prototype studies and found a solid relationship existed between the ratio of salient apex 
position, defined as the distance between the salient tip and the breakwater (X) to 
breakwater length (B), and the ratio of the distance from the breakwater to the initial 
shoreline (S) to breakwater length (Figure 2.3).  From Figure 2.3, it can be seen that as 
breakwater length increases relative to distance from shore, the salient apex position 
moves closer to the structure.  Subsequently, Hsu and Silvester (1990) fit an equation to 
the data: 
X/B = 0.6784 (S/B)1.2148 ……………………………………………………………...(2.1) 
The relationship of X/B to S/B from Figure 2.3 and Equation 2.1 will be used to assess 
potential breakwater performance at Holly Beach and Grand Isle.  
     It should be noted that the above relationships were developed for single detached 
breakwaters.  For the case of multiple detached breakwaters, Hsu and Silvester (1989) 
examined 32 sets of field data and found that the data fit equally as well when the same  
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Figure 2.3 Plot of the ratio of distance from breakwater to salient tip to breakwater 
length (X/B) versus the ratio of the distance to initial shoreline to breakwater length 
(S/B). 
Source: Hsu and Silvester (1989). 
relationships were plotted.  The data for single and multiple breakwaters do follow 
slightly different curves, however, which the authors attribute to the effects of gap width 
(G).  Hsu and Silvester (1989) conclude that for a constant value of S/B, the value of the 
ratio X/B decreases with G/B, the ratio of gap width (G) to breakwater length (B).  This 
implies that for a breakwater of given length, the salient apex position will become 
increasingly close to the structure as the gap width between neighboring structures 
decreases (Hsu and Sylvester 1989). 
     Ming and Chiew (2000) carried out an extensive set of wave tank experiments relating 
breakwater parameters to salient/tombolo formation.  Unlike Hsu and Sylvester (1989 
and 1990), they used salient length (Xs), defined as the distance from the initial shoreline 
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to the salient apex, to relate salient growth to breakwater parameters.  They found that for 
a given distance from shore (S), Xs increases as breakwater length (B) increases until a 
tombolo is formed.  Ming and Chiew (2000) attribute this to the fact that as breakwater 
length increases, wave interaction behind the breakwater becomes increasingly weaker.  
Also, for the case of constant breakwater length (B), Ming and Chiew (2000) found that 
as offshore distance (S) increases, salient length (Xs) decreases.  They further stated that 
when S/B = 2.5, there was extensive wave interaction behind the breakwater, and at the 
shoreline, waves were almost perpendicular to the shore, resulting in only a very slight 
change, if any, in morphology.  Pending the results of the airphoto analysis, this may be 
the case at Grand Isle. 
2.4 Tombolo Criterion 
     For all cases, Ming and Chiew (2000) found that tombolo formation ceased when the 
ratio of offshore distance (S) to breakwater length (B) exceeded approximately 0.8.  
Below S/B = 0.8, tombolos formed in their experimental setting.  From Figure 2.3, Hsu 
and Silvester (1989) found that when the ratio of salient apex position (X) to breakwater 
length (B) = 0, implying tombolo formation, the ratio of offshore distance (S) to 
breakwater length (B) is ≈ to 0.2.  However, From Figure 2.4, Hsu and Silvester (1990) 
state that when X′/B, where X′ represents distance from the structure to where the salient 
would extend if it came to a point at the intersection of the lines defining each side, 
equals zero, S/B = 0.75.  This suggests that tombolo formation could occur from 0.2 ≤ 
S/B ≥ 0.75.  The upper limit here closely agrees with the tombolo criterion of S/B = 0.8 
defined by Ming and Chiew (2000).  The agreement between empirical and theoretical 
results implies the following: that tombolo formation is possible when S/B ≤ 0.8, but due  
 15
 
Figure 2.8 Plot of ratio of distance between breakwater to salient to breakwater 
length  (X/B) and the ratio of the distance from breakwater to salient were the 
salient to come to a point instead of being rounded to breakwater length (X′/B) 
versus the ratio of distance to initial shoreline to breakwater length (S/B). 
Source: Hsu and Silvester (1990). 
to limiting factors that occur in a real-world scenarios, tombolo formation may not take 
place until S/B ≈ 0.2.  Since tombolos are present during low tide at the Holly Beach, the 
ratio of S/B should fall within the above range, at least at low tide.  
2.5 Summary of Shoreline Response to Breakwaters 
     Table 2.1 summarizes the relationships identified in the preceding sections.  Simply, 
detached breakwaters will induce salient/tombolo formation if the distance to shore is less 
than about 2.5 times the breakwater length.  The closer a breakwater is installed to the 
initial shoreline, the greater the likelihood of salient/tombolo formation.  If 
salient/tombolo formation does occur, the size of the depositional feature will increase 
with breakwater length.  Salient/tombolo size also increases with decreasing gap width 
between segments.  Finally, if the distance from the shoreline is more than 2.5 times 
greater than the breakwater length, little to no change will take place (Ming and Chiew 
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2000).  In addition, tides and wave obliquity can affect the nature of deposition, e.g. low 
tide tombolos at Holly Beach. 
Table 2.1 Summary of the effects of detached breakwaters on morphology. 
Effects of: On: Result: 
Breakwater Shore behind center of structure 
If designed properly, accretion in the 
form of salient or tombolo 
Breakwater Shore behind tip of structure Shoreline retreat will occur until equilibrium is reached 
Seasonality Salient or tombolo formation 
Salients will react to seasonal 
variations but will remain stable 
Tides Salient or tombolo formation 
If range is large, may have tombolo 
at low tide, salient at high tide 
Wave Obliquity Salient or tombolo formation 
Salients will be skewed toward 
direction of wave approach 
S/B: Distance 
offshore/breakwater 
length 
Salient or tombolo 
formation 
Salient formation begins when S/B ≤ 
2.5.  Tombolo may form from S/B = 
0.2 to S/B = 0.8 
  Salient apex position Salient apex moves closer to breakwater as S/B decreases. 
  Salient apex sharpness The sharpness of the apex increases as S/B decreases 
Breakwater Length Salient area For constant S, salient or tombolo area increases with breakwater length
Distance from Shore Salient Area Area increases until S = B, and then decreases 
  Tombolo width If tombolo is formed, it gets wider as S decreases 
Gap Width Salient size For constant B, salient size increases as G decreases 
Tombolo Longshore Transport 
Static equilibrium.  Longshore 
transport does not operate through 
system.  Downdrift erosion can occur
Salient Longshore Transport 
Dynamic equilibrium.  Longshore 
transport can operate through system. 
Interruption to downdrift system can 
be minimalized 
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Chapter 3 
Study Site and Methods 
     This chapter outlines the methods used to address the three main research questions.  
The first section contains a brief description of each study site.  Section 3.2 details the 
steps taken in the airphoto analysis for Grand Isle.  The final two sections present the 
Holly Beach field study setup and the wave parameter calculations, respectively.  
3.1 Study Sites 
     3.1.1 Grand Isle 
     Grand Isle, Louisiana is a barrier island that extends from the southwestern edge of 
Barataria Bay northeastwards to Barataria Pass (Figure 3.1).  The island has been in a 
state of net erosion for some time (Parker 1978).  Longshore transport is predominantly 
from southwest to northeast, and wave approach typically varies from south to southeast 
(Parker 1978).  Grand Isle has been the focus of numerous counter-erosion and 
stabilization projects, including dune fills, beach nourishment, and jetty construction 
(CPE 2004).  Twenty-three detached breakwater segments were constructed from 1994-
1995 by the USACE.  Subsequently, 13 more breakwaters were built along the eastern 
end of the island (CPE 2004).  
     3.1.2 Holly Beach 
     Holly Beach, Louisiana is located on the chenier plain of southwestern Louisiana 
(Figure 3.2).  Six detached breakwaters were first constructed at this site in 1985 to 
protect the oft-threatened State Highway 82 (Nakashima et al. 1987).  This initial project 
generated rapid results, in the form of salient formation.  85 additional structures, 
extending about 11.6 km along the coast, have since been constructed (Mann and
 18
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Figure 3.1 Grande Isle, with breakwater field and La State Hwy 1.
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Thomson 2004).  The additional breakwaters initially met with varied results.  Some 
areas experienced salient development, but others experienced no deposition or even 
continued to erode (Mann and Thomson 2003).  As a result, beach nourishment and 
breakwater enhancement were subsequently performed at the site (Mann and Thomson 
2003), and accretion occurred throughout the breakwater field.  The present morphology 
along most of the Holly Beach breakwater field has taken the form of low tide tombolos, 
meaning that at low tide deposits connect with the structures while at high tide, only 
salients are visible (Figure 3.3). 
3.2 Airphoto Analysis 
     The major research question regarding Grand Isle is: What effects have detached 
breakwaters had on morphology?  A sequence of aerial photographs was analyzed to 
address this issue.  The goals of the airphoto analysis were twofold.  The first was to 
provide the parameters (breakwater length, distance to shore, etc.) needed to assess the 
Grand Isle breakwater field using engineering models of breakwater performance.  The 
second was to document changes in shoreline position and morphology before and after 
the construction of breakwaters at Grand Isle.  A comparison of pre- and post-breakwater 
changes should provide insight into the impacts (if any) of breakwaters at this site.  
     3.2.1 Airphoto Data and Preparation  
     Aerial photographs of Grand Isle were obtained from the USGS EROS Data Center 
(EDC) and the Louisiana State University Atlas Statewide GIS.  Eight sets of photos 
were available, extending from 1973 – 2004 (Appendix A).  
     The photo sets for 1973, 1982, 1989, 1993, 1994, and 2001 were obtained in paper 
copy.  Several preliminary steps were needed to prepare the data for analysis.  First, the
 20
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Figure 3.2 Location of the Holly Beach, La Study Site.  Photo is a compressed DOQQ. 
Source: ATLAS. 
DOQQ Map Name: Peveto Beach Southeast. 
Date: 02/27/2004. 
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Figure 3.3 a) Photo of breakwater at low tide and b) Photo of breakwater during 
rising tide.
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photos were scanned (800 dpi) and georeferenced to the 1998 DOQQ mosaic.  A second 
order polynomial transformation with cubic convolution resampling was used for the 
georeferencing (details are given in Appendix B).  Finally, each photo set was mosaiced 
into a single scene.  To make the mosaiced scenes usable, the color histogram of the 
mosaiced scenes was adjusted  The final photo mosaics for each year are presented in 
Appendix C. 
     DOQQ’s were used for the 1998 and 2004 Grand Isle photo sets.  Three quarter-quads 
(Caminada Pass Northeast, Grand Isle Northwest, and Barataria Southwest) were needed 
for complete spatial coverage of the island.  Because the scenes were downloaded in 
digital format, the only step needed to prepare them for analysis was to mosaic the three 
scenes into a single image. 
     3.2.2 Airphoto Analysis Techniques 
     Measurements of the Grand Isle breakwater parameters were taken digitally from the 
1998 DOQQ (first set of breakwaters) mosaic and the georeferenced 2001 photo mosaic 
(second set of breakwaters).  For the shoreline change analysis, a simple technique was 
used.  The photo mosaics were imported into a GIS, and a line shapefile was created to 
trace the dry beach.  This was used to represent the shoreline for each photo mosaic.  
Differences in shoreline position were then measured digitally, within the GIS. 
3.3 Field Study at Holly Beach 
     3.3.1 Hydrodynamic Experiments 
     The field experiment for this project was conducted on May 20 through May 23, 2005.  
Ten strain gauge pressure transducers (PT’s) were used to measure water level 
fluctuations near a single detached breakwater at the Holly Beach breakwater field.  The 
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objective was to measure spatial variability in wave height in order to assess the relative 
influences of incident wave height and the breakwater on the wave field.  An acoustic 
current meter with pressure sensor (ADV) unit was installed seaward of the breakwaters 
to measure incident wave height and mean current direction.   
     Measurements were collected at 5 hertz for 5 minutes every thirty minutes starting at 
21:00 on May 20th and ending at 10:30 May 23rd.  The spatial arrangement of the 
instrument array was changed once during the course of the experiment.  Figures 3.4 and 
3.5 show the two arrangements used.  Deployment 1 was used for the first 91 
measurement intervals and Deployment 2 was used for the remaining 33 measurement 
intervals.  Only five pressure transducers were used for Deployment 2.  
     In addition, tracer dye was used to investigate current patterns.  The dye was mixed 
with water in a 5-gallon bucket and released into the nearshore.  Photographs were taken 
periodically to record the dispersion of the dye.  This was repeated three times from 
different starting points: directly adjacent to the eastern tip of the structure, shoreward of 
that position, and directly shoreward of the structure’s center.   
     3.3.2 Instrument Calibrations 
     Calibration of the pressure transducers was carried out using a capped length of 4-inch 
pipe stood upright, leveled, and filled with sea water.  Instrument output (mV) was 
measured at 0, 20, 40, 60, 80, and 100 centimeters submergence.  Measurements were 
taken in both ascending and descending order.  No significant hysteresis was found.  
Linear regression was used to perform the calibrations.  All R-Square values exceed 0.99 
and the largest standard error is 1.35 cm.  Table 3.1 shows a summary of the calibration 
statistics.  The factory-provided calibration was used for the ADV unit.
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Figure 3.4 Instrument map for Deployment 1.  Elevation and distance values are relative to an arbitrary benchmark.   
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Figure 3.5 Instrument map for Deployment 2.  Elevation and distance values are relative to an arbitrary benchmark.
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Table 3.1 Calibration statistics for pressure transducers. 
PT Slope Offset R-Square
Std. 
Error 
PT 4/PT 13 194.068 -7.734 0.999996 0.062 
PT 1 194.390 -9.117 0.999996 0.056 
PT 3/PT 11 97.369 -0.201 0.999996 0.063 
PT 6/PT 12 6.924 4.989 0.999977 0.122 
PT 2 6.730 -7.762 0.999945 0.222 
PT 8/PT 8-2 6.632 13.071 0.999979 0.117 
PT 5/PT 14 7.829 -32.055 0.998847 1.012 
PT 9 0.129 -111.974 0.999997 0.059 
 
     3.3.3 Wave Analysis 
     3.3.3.1 Conversion of ADV Data 
     After application of the calibration file, the ADV unit reports pressure measurements 
in decibars.  To convert these data into water level fluctuations, atmospheric pressure was 
removed from the data using hourly pressure data from the NOAA National Data Buoy 
Center Station SBPT2 - 8770570 - Sabine Pass North, TX.  The data were then converted 
into water level, in meters. 
     3.3.3.2 Pressure Response Factor 
     Because of pressure attenuation with depth, a correction factor must first be applied to 
surface level fluctuation data from a pressure gauge before any further analysis is 
performed (Bishop and Donelan 1987).  The pressure response factor Kp is defined by: 
Kp = cosh k (d - z)/cosh kd…………………………………………………………….(3.1) 
where d is mean water depth, z is the depth of the instrument, and k is the wave number, 
defined by: 
k = 2π/L……..…………………………………………………………………………(3.2) 
where L is wavelength of the incident wave. 
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     Additionally, a factor (N) has commonly been applied to this expression to account for 
discrepancies between theoretical and calculated values (Bishop and Donelan 1987).  
There has been much discussion in the literature as to the value of N, with little resolution 
(Bishop and Donelan 1987, Hashimoto et al. 1997, Kuo and Chiu 1994, Tsai et al. 2001).  
If linear theory is assumed, the value of N is 1 (Bishop and Donelan 1987).  For the 
purposes of this research, linear theory is assumed, and the linear transfer function Kp is 
used.  Both Bishop and Donelan (1987) and Tsai et al. (2001) found this approach to be 
satisfactory. 
     Because Kp is partially dependent on wave period, the value of Kp differs with 
frequency.  For this reason, Kp is typically applied in the frequency domain (Wang et al. 
1986).  According to Bishop and Donelan (1987), the calibrated pressure spectrum Sp can 
be related to the true spectrum Sf by: 
Sf = Sp/Kp………………………………………………………………………………(3.3) 
Inherently, the value of Kp increases dramatically with frequency.  It is therefore 
necessary to restrict the application of the transfer function to lower frequencies.  For the 
purposes of this research, the application of Kp is restricted to the interval of 0.05 to 0.5 
hertz. 
     3.3.3.3 Spectral Analysis 
     The Welch method of spectral analysis was used to estimate wave parameters.  Each 
time series is divided into 8 segments with 50% overlap.  Each segment is detrended and 
then windowed using a Hanning window.  The resulting power spectra for all segments 
are averaged together.  This results in spectral estimates with 32 degrees of freedom.  
Hmo, spectral wave height, is obtained by: 
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Hmo = 4*(m0)^-1………………………………………………………………………..(3.4) 
where m0 is the zeroeth moment of the spectrum.  MATLAB was used to perform the 
pressure correction and the spectral analysis for both the pressure transducer and 
converted ADV data. 
     3.3.4 Topographic Surveys 
     Three topographic surveys of the study area were conducted to document local 
morphology and beach stability.  The first survey was conducted on May 21, 2005, 
during the hydrodynamic study.  The second and third surveys were conducted on 
September 12, 2005, following Hurricane Katrina (landfall on August 29, 2005), and on 
October 16, 2005, following Hurricane Rita (landfall on September 24, 2005).  Fence 
posts were used as benchmarks for the first two surveys.  Unfortunately, Hurricane Rita 
destroyed the benchmarks before the third survey.  Thus, elevation values could not be 
directly compared to the first two surveys.
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Chapter 4 
Potential Breakwater Performance and Equilibrium 
     In this chapter, the design parameters for the Grand Isle and Holly Beach breakwater 
fields will be compared to the Hsu and Silvester (1990) model relating design parameters 
to breakwater performance.  Additionally, the topographic survey and tracer data from 
the Holly Beach site will be used to assess 1) whether the Holly Beach beach/breakwater 
system is stable, and 2) whether longshore currents should operate through this system. 
4.1 Breakwater Parameters and Predicted Deposition 
     The average segment length (B) of the first set of breakwaters (constructed 1994-
1995) at Grand Isle is 55 m.  The structures are on average 225 m from shore.  The 
average gap width is approximately 105 m.  On average, the ratio of distance to shoreline 
(S) to breakwater length (B) is approximately 4.  The S/B ratio increases to the east, from 
3.6 at the western end to approximately 7 at the easternmost segment.  This ratio is well 
above the maximum value allowing for salient formation (2.5) identified by Ming and 
Chiew (2000).  Further, an S/B ratio of 4 gives a value of approximately 3.7 for the ratio 
of salient distance from structure (X) to breakwater length (B) (Hsu and Sylvester 1990, 
see Equation 2.1).  According to these values, the predicted apex position of salients 
should be approximately 211 meters from the structures, very close to the average 
distance from shore (S) of 225 meters from the 1998 DOQQ.  For the second set of 
breakwaters at Grand Isle (constructed after 1998), the average segment length (B) is 59 
meters, the average gap width (G) is 73 m, and the average distance to shore (S) is 240 m.  
The average S/B ratio is also 4, and the salient apex position (from Equation 2.1) would 
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be 211 m from the structures.  Again, this is approximately the distance from breakwater 
to shoreline (S), so little or no salient formation would be expected.   
     At Holly Beach, the main breakwater project did not initially produce salient 
formation behind the whole length of the breakwater field.  Beach nourishment was 
necessary to facilitate salient/tombolo formation for all segments (Mann and Thomson 
2001).  Segment length (B) and distance from the initial shoreline varied for different sets 
of segments in the field (Mann and Thomson 2003).  For the specific breakwater where 
the field study was conducted, the segment length (B) is approximately 53 m, and 
distance to shore was approximately 155 m (Mann and Thomson 2003).  This gives a 
value of 2.9 for S/B. Again, from Ming and Chiew (2000), this ratio is slightly too large 
to be conducive to salient formation.  Accordingly, no salient formation occurred at this 
location before the beach nourishment project (Mann and Thomson 2001).  Nourishment 
occurred between 2002 and 2003.  Unfortunately, the distance to shore (S) after 
nourishment is not known, so comparison to engineering models is not possible.  
However, field observations confirm that low tide tombolos have formed behind most of 
the breakwater field.  Only salients are visible at high tide, while at low tide, the subaerial 
deposit extends to the breakwaters.  Mann and Thomson (2004) attribute this modal state 
to the lack of available sand for redistribution. 
4.2 Summary of Potential Breakwater Performance     
     In essence, both the Hsu and Sylvester (1990) model and Ming and Chiew (2000) 
predict virtually no deposition or salient formation for either set of breakwaters at Grand 
Isle.  Based on the segment lengths and distances to the shoreline measured from the 
1998 and 2001 photo sets, it can be concluded that the breakwaters at Grand Isle are too 
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far offshore to induce any deposition.  Initially, the same was true for most of the Holly 
Beach breakwater field.  However, following beach nourishment, however, the distance 
to shore (S) was apparently reduced significantly to induce deposition, in the form of low 
tide tombolos. 
4.3 Beach Stability and Equilibrium 
     At Holly Beach, the degree of shoreline realignment suggests equilibrium.  Figure 4.1 
shows the first of the three topographic surveys of the Holly Beach study site, conducted 
on May 21, 2005.  At this time, there was a relatively flat back beach and the salient 
shape was very well defined.  On September 12, 2005, shortly after hurricane Katrina, it 
can be seen that the salient apex is more rounded than in the May survey (Figure 4.2).  
The back beach is still relatively flat, but the salient shape is more compressed.  For 
example, the-0.6 meter contour extends southward to approximately -40 meters (on the 
salient apex) in the May survey.  In the September survey, the same contour only extends 
to between -30 and -35 meters.  Figure 4.3 shows the elevation differences between the 
May survey and the September survey.  Most of the salient body is contained within the 0 
and 0.2 m change contours.  The largest change took place on the backbeach and in the 
bay.  Overall, though, most of the elevation differences between the two surveys were 
small, indicating that the beach/breakwater system at this site is very stable.  Either there 
was little change, caused by Hurricane Katrina, or a rapid recovery of the morphology 
ensued. 
     The October 16th survey was conducted 23 days after Hurricane Rita.  Storm surge 
heights of approximately 6 meters  from Hurricane Rita (Drye 2005) caused massive 
damages to the area, overtopping Highway 82, flooding the inland areas, and leveling the
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Figure 4.1 Survey of Holly Beach Field Site conducted on May 21, 2005.  Elevation and distance relative to an arbitrary 
benchmark. 
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 conducted on September 12, 2005.  Elevation and distance relative to an arbitrary 
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Figure 4.2 Survey of Holly Beach Field Site
benchmark.
 
 
een May and September surveys. 
u
foredunes, the shoreline configuration and berm appear almost unchanged (Figure 4.4). 
Unfortunately, the destruction of the benchmarks used for the first two surveys precludes 
quantitative elevation comparisons.  However, the existence of the characteristic low tide 
tombolo at the study site confirms that the morphology here is very stable and exists in a 
strong state of equilibrium.   
4.4 Equilibrium State at Holly Beach      
     Figures 4.5 through 4.7 show the tracer releases.  The first release was directly 
adjacent to the eastern tip of the breakwater and diffused in an eastward direction (Figure 
4.5).  This agreed with the direction of longshore currents seaward of the breakwater 
measured by the ADV (Section 6.2).  The second release location was approxim tely 5 m 
landward of the first release.  From Figure 4.6, it can be seen that the second tracer 
release also diffused in an eastward direction.  The third tracer was released im diately
Figure 4.3 Elevation differences betw
town of Holly Beach.  Remarkably, despite the beach being stripped of m
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landward of the middle of the breakwater.  This tracer also diffused in an eastward 
direction.  Collectively, the three current patterns indicate that, at high tide, longshore 
currents flow through the breakwater field.  Pope and Dean (1986) concluded that if 
longshore transport is able to operate through a breakwater system, the system exists in a 
state of dynamic equilibrium (Section 2.1).  Therefore, at high tide, the Holly Beach 
breakwater system can be said to exist in a state of dynamic equilibrium.  At low tide, 
currents cannot flow landward of the segments due to the existence of tombolos, so the 
system must, following Pope and Dean (1986), exist in a state of static equilibrium 
(Section 2.1).
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Figure 4.5 Tracer released on eastward tip of breakwater. 
 be used as reference, shoreline is to the left in photos. 
Photos by: Steven Namikas. 
 
Note: Rock in foreground can
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Figure 4.6 Tracer released seaward of eastern tip of breakwater. 
Note: Instrument mount can be used for reference, rocks on lower right are tip of 
breakwater. 
Photos by: Steven Namikas. 
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Figure 4.7 Tracer released seaward of breakwater center. 
Note: Rock on top of breakwater can be used as reference. 
Photos by: Steven Namikas.
      
identifiable through airphoto analysis
other engineering projects, including m
2004).  Because docum
possible to distinguish the cause of specific changes with certainty (e.g. accretion due to 
breakwaters versus that due to beach nourishm
therefore, conclusions for this section should be viewed as som
5.1 Pre-Construction Shoreline Changes      
     Pre-construction shoreline changes for several tim
5.4.  Louisiana State Highway 1 is included in each figure for reference.  In 1973, the 
shoreline was very close to Hwy 1 and the eastern end of the island was restrained by a 
jetty (Figure 5.1).  By 1982, the position of the shoreline was largely unchanged along 
m
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Chapter 5 
Airphoto Results and Analysis 
Changes in shoreline morphology due to breakwaters at Grand Isle should be 
.  However, Grand Isle has also been the subject of 
ultiple beach nourishments and dune fills (CPE 
entation for these projects is not always available, it is not always 
ent).  Given this potential source of error, 
ewhat tentative. 
e periods are shown in Figure 5.1-
accretion.  To the west of the jetty, a maximum of approximately 160 m of accretion 
occurred at the location marked A.  The eastern terminus of the island (area B on Figure 
5.1) grew approximately 310 m to the northeast.  This accretion indicates that the 
longshore currents that historically built and extended the island to the northeast (Parker 
1978, CPE 2004) were still in operation.  Between 1982 and 1989, accretion took place 
along most of the eastern end of the island (Figure 5.2).  At the widest point of 
accretional area C (Figure 5.2), the shoreline in 1989 is approximately 115 m seaward of 
the shoreline in 1982, and at the widest point of area D (Figure 5.2), approximately 125
ost of the island.  However, the eastern end of the island had clearly experienced 
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Figure 5.1 Shoreline change at Grand Isle, La between 1973 and 1982. 
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Figure 5.2 Shoreline change at Grand Isle, La between 1982 and 1989. 
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m seaward.  Further, on the landward side of the island, the progradational lobe of the 
eastern terminus (E on figure 5.2) grew approximately 250 m.  These accretional areas 
were likely supported at least in part by nourishment projects.  According to CPE (2003), 
the beach was nourished with approximately 2.8 million cubic yards of sediment in 1984.  
In 1988, the jetty was lengthened and an additional 480,000 cubic yards of sediment were 
placed on the beach.  The growth on the eastern terminus can most likely be attributed to 
these sediments.  The fact that the jetty needed lengthening suggests that the eastern end 
of the island is an accretional area.  In addition, the development of two large-scale 
progradational bulges (Figure 5.2) had taken place near the middle of the island.  CPE 
(2003) attributes this phenomenon to a response to the borrow areas used for the 1984 
nourishment.   
     Between 1989 and 1993, some growth, approximately 85 m (F on Figure 5.3) 
occurred on the landward side of the eastern terminus, but erosion of approximately 40 to 
50 m (G on Figure 5.3) and of 45 m (H on Figure 5.1c) also took place on the eastern end 
of the island.  The total amount of erosion may have been greater, since beach 
nourishment (600,000 cubic yards of beach and dune fill) was conducted between 1989 
and 1993 (CPE 2004) and there is little indication of accretion.  Some accretion, 
approximately 105 m at the widest point (I on Figure 5.3), occurred immediately 
northeastward of the easternmost progradational bulge.  Downcurrent of the western 
bulge (J on Figure 5.3), the shoreline moved approximately 45 m seaward.  The bulges 
themselves became less pronounced, retreating approximately 35 m each.  Accretionary 
area I (Figure 5.3) encompasses an area where the Town of Grand Isle implemented 
several small-scale protective structures, namely groins, a seawall, and one breakwater 
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 (CPE 2004).  The shoreward retreat of the two bulges and the accretionary areas 
im
northeast. 
     From
continued to occur to the northeast of the progradational bulges, effectively sm
the shoreline at this location and elim
bulge, however, becam
Figure 5.4).  Som
Figure 5.4, the shoreline m
5.2 Interpretation of Pre-construction Shoreline Change Trends 
     
potentially com
photo sets exam
(despite efforts to contain it) and the possible reworking of sedim
downcurrent of the 1984 borrow area, suggests that the trend at Grand Isle prior to 
construction of the breakwaters was growth toward the northeast, in the direction of 
longshore transport.  Figure 5.5 shows the 1973 and 1994 shorelines.  Overall, accretion 
had occurred over the full length of the island during the two decades prior to breakwater 
construction.  However, the largest accretion, occurred on the eastern end of the island, 
with the depositional lobe of the eastern term
landwards (A on Figure 5.5) and the eastern term
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mediately downcurrent of both indicate again that sediments are being reworked to the 
 1993-1994 (Figure 5.4), accretion, approximately 45 m (K on Figure 5.4) 
oothing 
inating the easternmost bulge.  The remaining 
e more pronounced, growing approximately 60 m seaward (L on 
e accretion also took place on the eastern end of the island.  At M on 
oved approximately 65 m seaward. 
Although the changes documented in the pre-construction airphoto analysis are 
plicated by beach nourishment, a commonality is apparent among all 
ined.  This commonality, continued accretion on the eastern terminus 
ents near and 
inus growing approximately 375 m 
inus itself accreting 360 m
northeast (B on Figure 5.5).  At C and D (Figure5.5) there was accretion of 175 and 150 
m, respectively.  The middle portion of the island experienced the smallest amount of  
 to the 
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arison to pre-installation trends.  Figures 5.6-5.8 
retreated approximately 55 m at the widest point, and at B, approximately 70 m.
Figure 5.5 Shoreline change at Grand Isle, La betw
accretion.  Significant accretion also occurred at the progradational bulges and on the 
western end of the island.  Despite the confusion surrounding the specific source of 
accretion for each set of successive shorelines in the pre-construction study period, it is 
clear that during this period as a whole, the island prograded to the northeast, with the 
direction of longshore currents and in keeping with docum
1978, CPE 2004).  
5.3 Post-Construction Shoreline Change      
     The purpose of this section is to identify trends in shoreline change af
installation of the structures for comp
shows shoreline changes for 1994-2004.  Between 1994 and 1998, erosion occurred in 
two places behind the breakwater field (A and B on Figure 5.6).  At A, the shoreline 
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Erosional area B is located at the downdrift end of the first set of breakwaters.  Therefore, 
the 
ds 
e 
 
re transport associated with the 
nd 
(Figure 5.7).  This provides further support for the interpretation that the breakwaters 
were inhibiting longshore transport. 
     Between 2001 and 2004 (Figure 5.8), accretion occurred in several areas.  First, 
accretion upcurrent of the western end of the breakwater field continued, with the 
shoreline moving seaward an additional 60 m at its widest (I on Figure 5.8).  Second, 
accretion occurred behind the breakwater field, with the greatest growth (approximately 
40 and 50 m) at J and K (Figure 5.8).  Approximately 85 m of accretion also occurred on 
the landward side of the eastern terminus (L on Figure 5.8).  These changes do not follow 
it is possible that this erosion resulted from the interruption of longshore transport by 
structures.  Additionally, some erosion occurred on the both the eastern and western en
of the island (C and D on Figure 5.6).  At the widest point of C, on the western end, th
shoreline retreated approximately 50 meters.  Historically, this end of the island has 
experienced shoreline retreat (Parker 1978, CPE 2004).  On the eastern terminus (D), the
shoreline retreated approximately 60 m.  Given that the eastern terminus was 
characterized by persistent growth during the two decades preceding construction, this 
erosion strongly suggests an interruption of longsho
breakwaters. 
     By 2001 (Figure 5.7), the remaining progradational bulge disappeared (E on Figure 
5.7), and accretion of approximately 65 m at its widest point occurred from that point to 
just inside the breakwater line (F on Figure 5.7).  It seems possible that the sediments 
from the bulge were reworked into this accretional area.  Further, erosion (approximately 
80 and 85 m, respectively) continued to occur at G and H on the eastern end of the isla
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the trends in shoreline change evident from the previous two time periods.  It is possible 
that beach nourishment was conducted during this period.  Unfortunately, the historic 
record of engineering works from CPE (2003) ends with 2002, and no more recent 
sources have been identified. 
5.4 Comparison of Pre- and Post-Construction Shoreline Change Trends 
     Despite some obvious effects of human activity such as the development of 
progradational bulges in response to the 1984 borrow, the pre-installation airphoto 
analysis indicates that the island consistently prograded toward the northeast, which is 
with the direction of longshore currents.  Accretion was ubiquitous, but varied spatially in 
magnitude, and the greatest amount of accretion occurred on the eastern end of the island.  
fter installation of the breakwaters, the airphoto evidence indicates changes in these 
trends (Figure 5.9).  First, at position A (Figure 5.9), approximately 125 m of accretion 
took place between 1994 and 2004, where only approximately 80 m took place during the 
21 years prior.  This suggests that the western end of the breakwater field acts as a 
sediment trap, reducing rates of longshore transport and causing sediment to be 
deposited.  Little change occurred behind the breakwater field from 1994-2004, possibly 
due to a reduction in longshore transport.   At location B (Figure 5.9), rates of accretion 
dropped from about 8.3 m/yr pre-construction, to about 3m/yr.  This suggests that the 
supply of sediment to the area behind the breakwater field was greatly reduced.  Also, 
throughout the pre-construction period, the eastern end of the island was characterized by 
 
shoreline experienced 175 m of accretion from 1973-1994.  The same trend persists at D  
A
accretion.  Post-installation, erosion dominated this area.  From 1994-2004, the shoreline
at C (Figure 5.9) retreated approximately 120 m, where at the same location, the 
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Figure 5.9 Shoreline change at Grand Isle between 1994-2004. 
(Figure 5.9), where from 1994-2004, approximately 160 m of erosion occurred, while 
from 1973-1994 approximately 350 m of accretion occurred.  This indicates that t
breakwater field is causing the eastern end of the island to be starved of sediment.
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ent locations for Deployment 1 and Deployment 2.  Figure 
Chapter 6 
Wave Measurement Results and Analysis 
     The purpose of the wave height measurements at Holly Beach was to document the 
effects of the breakwaters on the local hydrodynamic system.  Wave energy is directly 
proportional to wave height, so wave height measurements can be considered indicative 
of process energy levels.  It is expected that the magnitude of the breakwater influence 
will decrease with distance from the structure, but the magnitude and rate of energy 
reduction is uncertain. 
6.1 Conditions during the Experiment 
     During the field experiment, the dominant wave approach direction was from the 
southwest.  Accordingly, longshore currents operated in an eastward direction during 
almost the entire period.  For a brief period (01:30 until 07:30 on May 22), the mean 
current direction shifted to the west.  The mean wave height recorded at the ADV during 
the study period was 0.34 m.  The maximum wave height was 0.48 m and the minimum 
wave height was 0.24 m, giving a 0.24 m range.  The mean water level at the ADV was 
1.60 m.  The maximum water level was 2.06 m and the minimum was 1.01 m.  This gives 
a tidal range during the study period of 1.05 m.      
6.2 Wave Analysis Results 
     Figures 6.1 shows instrum
6.2 shows a plot of the wave height measurements for Deployment 1.  Wave heights for 
PTs 1, 2, and 4 appear to closely follow the incoming wave height, and the values for PT 
3 are relatively close.  Wave heights for PTs 5, 6, 8 and 9, however, show significant 
departure from incident wave height, with PTs 8 and 9 having the lowest wave height
  
 
 
Figure 6.1 a) Instrument locations for Deployment 1 relative to breakwater and b) 
Instrument Locations for Deployment 2 relative to breakwater.
A 
B 
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Figure 6.2 Wave height measurements for Deployment 1.  See Figure 6.1a for instrument locations. 
Note: Gaps in measurements occurred when water level was low.
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ilar wave heights to 
2 values for each 
2 value means that there is not a strong correlation. 
values.  This indicates that waves show increasing departure from the incident wave field 
with increasing proximity to the structure.  Also, the disparity between incident wave 
height and wave height at PTs 8 and 9 suggests that wave energy landward of the 
breakwater is greatly attenuated.  Figure 6.3 shows a plot of wave heights for 
Deployment 2.  The wave heights for PT 14 are the closest in value to the incoming wave 
heights, but still significantly lower.  PTs 8-2, 11, and 13 display sim
each other, which are all significantly lower than the incoming wave height.  PT 12 
shows the largest departure from incident wave height.  Again, when wave heights at 
these PT locations are considered together with wave heights from PT 8 and 9 (Figure 
6.2), the data indicates that in the breakwaters shelter zone, the wave field has been 
heavily modified.           
     To further investigate the relationship between the breakwater and the disruption to 
the incident wave field, wave heights for each PT are plotted against incident wave 
height.  Linear regression is used to evaluate each relationship.  The R
regression are presented in Table 6.1.  The R2 values indicate the relative strength of the 
relationships between incident wave height and wave height at each PT location, so a 
high R2 value means that there is a strong relationship between incident wave height and 
wave height at each PT while a low R
     6.2.1 Bay Transect 
     The bay transect consists of PTs 1, 2, and 3.  Figure 6.4 shows wave height at these 
positions versus incident wave height.  From the Figure, PT 1 (R2 of 0.85) shows a strong 
correlation to incident wave height with an almost 1 to 1 relationship (0.87 slope).  This 
indicates that waves, at this location are very similar to incident waves, and have not been
  
 
Figure 6.3 Wave height measurements for Deployment 2.  See F e  f n m lo oigur 6.1b or i stru ent cati ns.
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Table 6.1 R2 values for wave height at PT locations versus wave incident wave 
height. 
 
PT R2
PT 1 0.85
PT 2 0.62
PT 3 0.01
PT 4 0.67
PT 5 0.38
PT 6 0.08
PT 8 0.07
PT 9 0.01
PT 8-2 0.17
PT 11 0.02
PT 12 0.01
PT 13 0.84
PT 14 0.69
 
 
 
 
Figure 6.4 Wave height at PT versus incident wave height for Bay Transect.
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noticeably influenced by the breakwater.  PT 2 (R2 of 0.62), shows a weaker relationship 
with more scatter, indicating a somewhat larger departure from incident waves.  Height at 
PT 3 are virtually independent of incident wave height (R2 of  0.01).  Overall, 
measurements made at PTs 1, 2 and 3 indicate that wave height departures are minimal at 
PT 1 and increase further onshore.  The question remains as to whether these departures 
result from breakwater influence or shoaling/breaking effects.   
     On an unprotected, relatively straight shoreline, wave shoaling would be the dominant 
process responsible for wave transformations.  To explore the influence of shoaling a 
transformation (Masselink and Hughes 2003) was performed on the wave heights 
measured at the ADV to estimate expected shoaling changes: 
H2 = (C1/C2)1/2H1………………………………………………………………………(6.1) 
where H represents wave height and C represents wave celerity.  Subscripts 1 and 2 refer 
to the ADV and PT locations, respectively.  Following linear theory, intermediate depth 
conditions occur at the ADV so that: 
C1 = (g/2π)T*tanh(2πh/L)………………………………………………………...…...(6.2) 
where g is acceleration due to gravity, T is wave period, h is water depth, and 
L = 2л/k………………………………………………………………………………..(6.3) 
where k (wave number) is found by 
(kh)2 = y2 + y / 1 + .666y +.355y2 + .161y3 + .0632y4 + .0218y5 + .00654y6…………(6.4) 
where 
y =  4.03*h/T2………………………………………………………………………….(6.5)     
     Figure 6.5 shows a plot of wave heights measured at PT 1 versus wave heights 
predicted by Equation 6.1.  Visually, there appears to be good correspondence between  
 
Figure 6.5 Predicted wave height due to shoaling from Equation 6.1 versus 
measured wave height at PT 1.  
  
the two and an R2 value of 0.70 suggests that shoaling is the dominant process affecting 
wave heights here.  Figure 6.6 shows a plot of measured wave heights at the ADV and PT 
1, and predicted wave height at PT 1 from Equation 6.1.  It can be seen that during most 
of the study period, the measured wave height at PT 1 was less than that at the ADV, 
while the predicted wave height due to shoaling is larger than measured at the ADV.  
This indicates that waves at PT 1 contain less energy than predicted by shoaling 
transformations, and thus, that other factors are significantly reducing wave energy.  
Refraction and/or diffraction due to the breakwater-induced bathymetry and the shelter 
zone behind the structure could cause such energy decreases, as a given length of crest 
expands into the shelter zone.  Thus, although shoaling appears to account for 70 percent
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of the transformation of incident waves at PT1, the breakwater also exerts a noticeable 
influence on the wave field.  At PT 2, there is even greater departure between measured 
wave heights and wave heights predicted using Equation 6.1 (Figure 6.7).  An R2 of only 
0.37 indicates that at PT 2, shoaling is only a secondary process.  This suggests again that 
the influence of the breakwater increases across the bay in the onshore direction.  This 
interpretation seems reasonable, for lateral energy diffusion due to refraction/diffraction 
would become more fully developed as waves move shoreward.  At PT 3, the breaker 
criterion γ (Masselink and Hughes 2003) of 0.78, where 
γ = Hb/ hb………………………………….………………………………………….(6.6) 
and Hb and hb are the breaker wave height and depth of breaking is regularly exceeded by 
the shoaling predictions.  This means that if shoaling were the only process occurring 
here, waves would have already broken by the time they reach PT 3.  Measured wave 
t from Equation 6.6 agree very well, however, 
e crest would have suffered substantial lateral energy 
  
r  
heights at PT 3 and breaker heigh
indicating that PT 3 is near the depth of breaking, but that most waves have not broken 
before reaching it.  Shoaling must therefore be ruled out as the dominant process here, 
and a strong influence of the breakwater is assumed.  This makes sense, for by the time 
the wave crests reach PT 3, refraction/diffraction would have the maximum effect, 
meaning that this portion of the wav
loss, and that could explain the low wave height values relative to incident wave height.
     6.2.2 Transect Adjacent to Breakwater 
     The transect of PTs adjacent to the breakwater ( PTs 4, 5, and 6) shows a comparable 
pattern in the shoreward degeneration of the relationship of wave height relative to 
incident wave height.  Overall, however, the R2 values are lower for this transect than fo
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Figure 6.7 Wave height from Equation 6.1 versus measured wave height for PT 2. 
the bay transect.  Figure 6.8 shows these relationships.  Wave heights at PT 4 had a 
2
2
2
e 
r 
2
  
moderately strong relationship to incident wave height, with an R  value of 0.67.  Heights 
at PT 5 had a weak relationship (R  of 0.34) with incident wave height, and heights at PT 
6 had a poor relationship (R  value of 0.08).  This suggests that the influence of the 
breakwater on the incident wave field increases as one moves closer alongshore to the 
structure.  Furthermore, lower slope values for these relationships (Table 6.1) indicat
that wave height at each PT represents a smaller percentage of the incident wave height.  
This in turn could suggest a shift towards refraction/diffraction as the dominant manne
of wave transformation here.  When wave height at PT 4 is compared to wave height 
predicted due to shoaling (Equation 6.1), the R  value is only 0.40, again suggesting that 
shoaling is only a secondary process.  Further, the relationship here between measured
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 Figure 6.8 Wave height at PT locations versus incident wave height for PT’s 
adjacent to structure. 
 
wave height and predicted wave height due to shoaling is significantly weaker than at PT 
1 (R2 of 0.70), which, assuming a straight shoreline, would be at the same distance 
offshore as PT 4.  This reinforces the interpretation that the breakwater’s influence on the 
incident wave field increases with alongshore proximity. 
     6.2.3 PT Locations Landward of the Breakwater      
     It is evident from figure 6.9 that wave height at PTs 8 and 9 have a very poor 
relationship with incident wave height.  The R2 values are 0.07 and 0.02, respectively.  
Here, incident wave height appears to have almost no influence on wave heights at these 
PT locations.  This interpretation is reinforced by consideration of the relationships 
between incident wave height and wave height at each PT for Deployment 2 (Figure  
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Figure 6.9 Wave height at PT locations versus incident wave height landward of 
 
vely.  
 of 
 
ith 
 
 
 
those entering on the east side of the breakwater.  
breakwater for Deployment 1. 
6.10).  R2 values for PT 8-2, PT 11, and PT 12 are only 0.17, 0.02, and 0.01, respecti
Refraction/diffraction is most likely the dominant process responsible for the nature
the wave field at these locations.  Also, wave transmission may play a role in determining
wave heights here.  Rubblemound breakwaters are porous, so some energy can be 
transmitted through the structure.   
     Interestingly, wave heights at PTs 13 and 14 showed quite strong relationships w
incident wave height, with R2 values of 0.84 and 0.69, respectively.  Wave approach was 
from the southwest during this portion of the experiment, so waves entering the west side
of the breakwater system had an almost unrestricted path to these two PT locations.  It is
likely, therefore, that wave heights here were less subject to refraction/diffraction than
 67
  
Figure 6.10 Wave height at PT locations versus incident wave height landward of 
breakwater for Deployment 2. 
 
6.3 Summary 
     Examination of the spatial distribution of wave heights revealed several trends.  First, 
the relationship with incident wave height weakens in a shoreward direction, both across 
the center of the bay and (to an even greater extent) adjacent to the structure.   
Measured wave heights also deviated from those predicted by a shoaling transformation.  
This deviation also increased with distance onshore from the ADV.  These findings 
indicate that as one moves shoreward, refraction/diffraction caused by the structure and 
subsequent shoreline alignment becomes increasingly dominant in determining wave 
height.  Secondly, the relationship between recorded wave heights and incident wave 
height becomes weaker with increasing alongshore proximity to the breakwater.  This 
suggests that the breakwater’s influence becomes stronger as one moves closer to the 
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structure.  Additionally, very near to and behind the breakwater, wave heights exhibited 
e 
outhwest, almost directly into the sheltered zone.
almost no relationship to incident wave height, except where waves approached from th
s
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Chapter 7 
Conclusions 
uce salient/tombolo 
orphology that may be attributed to breakwater construction have taken place.  First, 
efore construction, and dominated by erosion after breakwater construction.  
ortion of shoreline immediately upcurrent of the breakwater field 
 
horeward of the breakwater field shifted from accretional to stable after installation of 
   At Holly Beach, the initial breakwater construction did not result in salient/tombolo 
hment was conducted to reduce the distance from the breakwater 
mbolos formed shoreward of the structures.  The topographic surveys and tracers 
brium, and 
 
xperiment revealed several trends regarding  the wave field near the breakwaters.  First, 
ecomes weaker in an onshore direction, suggesting that modifications to the wave field 
inant in a shoreward direction.  This 
 
relationship between incident wave height and measured wave heights weakens with 
     At Grand Isle, the breakwater segments are too far offshore to ind
formation.  However, results from the airphoto analysis indicate that changes in 
m
the analysis revealed that the eastern end of the island was characterized by accretion 
b
Additionally, the p
experienced increased accretion rates following breakwater installation.  Further, the area
s
the breakwaters.   
  
formation.  Beach nouris
segments and the shoreline (Mann and Thomson 2003), and, subsequently, low tide 
to
indicated that the breakwater system at Holly Beach exists in a state of equili
longshore currents are free to operate through the system at high tide.  The hydrodynamic
e
the relationship between incident wave height and wave height near the structures 
b
caused by the breakwater become increasingly dom
was apparent both in the central bay and directly adjacent to the structure.  Second, the
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alongshore proximity to the structure, suggesting that the breakwater’s influence grows as 
one moves closer to it.  Finally, wave heights directly shoreward of the breakwater had a 
or nship iden eight, suggestin t the structure ex  
 nt wav there.  O he hyd
perim t th sis breakwa nt wav
s the lu e w  adjacen ructure
very po  relatio  with inc t wave h g tha ercises
almost complete co rol on the e field verall, the results of t rodynamic 
ex ent suppor e hypothe that the ter, and not the incide e field, 
ha  stronger inf ence on th ave field t to and behind the st .
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Appendix A 
Airpho nforma
Year Date Source ID 
1973 8/24/1973 9x9 CIR USGS AR6247011000195 1:10839 
 8/24/1973 9x9 CIR USGS AR6247011000196 1:10839 
 8/24/1973 9x9 CIR USGS AR6247011000197 1:10839 
 8/24/1973 9x9 CIR USGS AR6247011000199 1:10839 
 8/24/1973 9x9 CIR USGS AR6247011000200 1:10839 
 8/24/1973 9x9 CIR USGS AR6247011000202 1:10399 
 8/24/1973 9x9 CIR USGS AR6247011000204 1:10461 
 8/24/1973 9x9 CIR USGS AR6247011000206 1:10461 
1982 9/1/1982 9x9 CIR USGS ARL820510100802 1:24013 
 9/1/1982 20x20 CIR USGS ARL820510100804 1:24013 
1989 10/26/1989 20x20 CIR USGS NAPP, Roll: 1394, Frame 3 1:40000 
1993 2/2/1993 20x20 CIR USGS AR5930045480013 1:25333 
 2/2/1993 20x20 CIR USGS AR5930045480018 1:25000 
1994 1/30/1994 40x40 BW USGS NAPPW, Roll: 7508, Frame: 87 1:40000 
 1/30/1994 40x40 BW USGS NAPPW, Roll: 7508, Frame: 91 1:40000 
1998 1/24/1998 DOQQ ATLAS Caminada Pass NE N/A 
 1/24/1998 DOQQ ATLAS Grand Isle NW N/A 
 1/24/1998 DOQQ ATLAS Barataria SW N/A 
2001 3/26/2001 9x18 CIR USGS AR5010055932704 1:30000 
to I tion 
Format Scale 
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 3/26/2001 9x18 CIR US 1:30000 
2004 1/22/2004 DOQQ AT minada Pass NE N/A 
 1/22/2004 DOQQ ATLAS Grand Isle NW N/A 
N/A 
GS AR5010055932705 
LAS Ca
 1/22/2004 DOQQ ATLAS Barataria SW 
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Appendix B 
Georeferencing Information 
Year ID No. Control 
Points 
X Control 
Point Error 
Y Control 
Point Error 
Total 
Control 
Point Error
1973 AR6247011000195 8 0.0058 0.0081 0.01 
 AR6247011000196 8 0.0026 0.0043 0.005 
 AR6247011000197 9 0.0028 0.0027 0.0039 
 AR6247011000199 8 0.012 0.0058 0.0134 
 AR6247011000200 7 0.0098 0.0039 0.0105 
 AR6247011000202 6 0.0312 0.0033 0.0313 
0204 7 0.0062 0.003 0.069 
47011000206 8 0.0084 0.0017 0.0189 
1982 ARL820510100802 8 0.0018 0.0018 0.0026 
 ARL820510100804 11 0.0055 0.0061 0.0082 
1989 NAPP, Roll: 1394, Frame 3 12 0.0026 0.0044 0.0051 
1993 AR5930045480013 9 0.0036 0.0036 0.0051 
 AR5930045480018 11 0.0024 0.0047 0.0053 
1994 NAPPW, Roll: 7508, Frame: 87     
 NAPPW, Roll: 7508, Frame: 91     
 (these photos cut into sections)     
 1994-1 9 0.002 0.0013 0.0024 
 1994-2 9 0.0087 0.0119 0.014 
 1994-3 7 0.0037 0.0049 0.0061 
 1994-4 8 0.0062 0.0039 0.0073 
 AR624701100
 AR62
 76
 1994-5 10 0.0021 0.0026 0.0034 
2001 AR5010055932704 15 0.0018 0.0031 0.0035 
 AR5010055932705 15 0.0031 0.0046 0.0055 
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Appendix C 
Photo Mosaics 
 
Figure C.1 1973 Photo Mosaic. 
Note:  The whole island is not shown.  This is because the file was too large. 
Source: USGS. 
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Figure C.2 1982 Photo Mosaic. 
Source: USGS. 
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Figure C.3 1989 Photo. 
Note:  This is not a Mosaic.  Only one photo from 1989 was used. 
Source: USGS. 
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Figure C.4 1993 Photo Mosaic. 
Source: USGS. 
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Figure C 994 Photo Mo
Source: USGS. 
 
 
 
 
 
.5 1 saic. 
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Figure C.6 1998 DOQQ Mosaic. 
Source: ATLAS. 
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Figure C 001 Photo Mo
Source: USGS. 
 
 
 
 
 
 
 
 
.7 2 saic. 
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Figure C.8 2004 DOQQ Mosaic. 
Source: ATLAS. 
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Appendix
ulated Wave eters 
D.1 Arrangement 1 
ADV  
Run Mean Water Level Wave Height Peak Spectral 
Period 
1.  0.39 3.40 
4 1.56 0.40 
 D 
Calc Param
  
    
1 37
2 1.41 0.41 
0.38 
3.40 
3.40 
3.40 
3 1.50 
5 1.61 0.37 3.74 
6 1.66 0.36 3.12 
7 1.70 0.37 3.40 
8 1.74 0.36 2.88 
9 1.81 0.38 3.74 
10 1.86 0.40 3.12 
11 1.89 0.36 3.12 
12 1.91 0.39 3.74 
13 1.90 0.43 3.12 
14 1.90 0.41 3.40 
15 1.86 0.37 3.74 
16 1.84 0.38 3.12 
17 1.80 0.40 3.40 
18 1.72 0.34 3.40 
19 1.67 0.32 3.40 
20 1.62 0.29 3.74 
21 1.59 0.32 3.74 
22 1.56 0.30 3.74 
23 1.55 0.33 3.74 
24 1.55 0.27 4.16 
25 1.58 0.26 4.16 
26 1.58 0.24 4.16 
27 1.61 0.26 4.16 
28 1.61 0.26 4.16 
29 1.58 0.26 4.16 
30 1.61 0.24 4.16 
31 1.62 0.27 4.68 
32 1.67 0.31 4.16 
33 1.68 0.35 2.67 
34 1.65 0.34 2.88 
35 1.60 0.40 3.12 
36 1.58 0.43 3.12 
37 1.55 0.47 3.40 
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38 1.51 0.48 3.40 
39 1.47 0.40 3.12 
40 1.39 0.43 3.74 
41 1.32 0.43 3.40 
42 1.28 0.41 4.16 
43 1.23 0.39 3.40 
44 1.16 0.37 3.12 
45 1.10 0.39 3.40 
46 1.07 0.36 3.40 
47 1.02 0.33 3.40 
48 1.05 0.34 4.16 
49 1.08 0.33 3.40 
50 1.14 0.32 4.16 
51 1.19 0.33 3.40 
52 1.25 0.34 4.16 
53 1.32 0.35 4.16 
54 1.41 0.36 3.74 
55 1.49 0.33 4.16 
56 1.57 0.37 4.16 
57 1.67 0.38 4.16 
58 1.74 0.39 4.16 
59 1.82 0.37 4.16 
60 1.90 0.37 4.68 
61 1.93 0.33 4.68 
62 1.97 0.33 4.16 
63 1.98 0.34 4.16 
64 1.99 0.33 4.16 
65 1.96 0.32 4.16 
66 1.92 0.35 4.16 
67 1.86 0.30 4.16 
68 1.81 0.31 4.16 
69 1.74 0.30 4.16 
70 1.69 0.30 4.16 
71 1.65 0.26 3.74 
72 1.62 0.28 4.16 
73 1.61 0.29 4.16 
74 1.59 0.34 4.16 
75 1.60 0.28 4.16 
76 1.61 0.26 4.16 
77 1.63 0.28 4.16 
78 1.66 0.27 4.16 
79 1.70 0.27 4.16 
80 1.72 0.29 3.40 
81 1.75 0.31 2.49 
82 1.75 0.34 2.20 
83 1.73 0.34 2.67 
84 1.72 0.33 2.88 
85 1.69 0.31 2.20 
 87
86 1.64 0.30 2.88 
87 1.60 0.31 2.67 
88 1.53 0.33 2.88 
89 1.43 0.30 3.12 
90 1.35 0.34 2.88 
91 1.27 0.32 2.88 
    
    
PT 1 
Run Mean Water Level Wave Height Peak Spectral 
Period 
1.  0.37 2.88 
0.40 3.40 
4 1.28 0.37 
   
    
1 11
2 1.15 
3 1.22 0.37 3.40 
2.88 
5 1.33 0.40 3.74 
6 1.38 0.40 3.40 
7 1.42 0.36 3.40 
8 1.46 0.36 2.88 
9 1.53 0.35 3.74 
10 1.57 0.39 3.74 
11 1.61 0.32 2.88 
12 NA NA NA 
13 1.63 0.40 3.74 
14 1.62 0.41 3.40 
15 1.58 0.35 4.16 
16 1.56 0.35 3.40 
17 1.51 0.34 4.16 
18 1.43 0.32 3.74 
19 1.38 0.34 3.12 
20 1.34 0.28 4.68 
21 1.30 0.32 3.12 
22 1.25 0.31 3.40 
23 NA NA NA 
24 1.25 0.26 4.16 
25 1.28 0.25 4.16 
26 1.28 0.25 4.16 
27 1.31 0.23 4.16 
28 1.31 0.28 4.16 
29 1.28 0.25 4.16 
30 1.31 0.24 4.16 
31 1.32 0.28 2.08 
32 1.37 0.30 4.16 
33 1.39 0.32 2.50 
34 1.35 0.35 2.88 
35 1.32 0.36 2.88 
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36 1.30 0.42 3.12 
37 1.26 0.46 3.40 
38 1.22 0.44 3.40 
39 1.19 0.43 3.12 
40 1.11 0.42 3.74 
41 1.03 0.41 4.16 
42 0.99 0.38 4.16 
43 0.94 0.38 3.40 
44 0.87 0.35 3.40 
45 0.81 0.34 3.40 
46 0.78 0.31 3.40 
47 0.73 0.30 3.40 
48 0.75 0.31 4.16 
49 0.77 0.31 2.67 
50 0.83 0.32 4.16 
51 0.88 0.31 4.16 
52 0.93 0.34 4.68 
53 1.01 0.34 4.16 
54 1.09 0.36 4.16 
55 1.17 0.35 4.16 
56 1.25 0.36 4.16 
57 1.35 0.38 4.16 
58 1.42 0.34 4.16 
59 1.51 0.36 4.16 
60 1.58 0.37 4.68 
61 1.62 0.34 4.68 
62 1.66 0.36 4.16 
63 1.67 0.32 4.16 
64 1.68 0.38 4.16 
65 1.66 0.34 4.16 
66 1.62 0.34 4.16 
67 1.56 0.30 4.16 
68 1.51 0.28 4.16 
69 1.44 0.29 4.16 
70 1.38 0.32 4.16 
71 1.35 0.27 3.74 
72 1.32 0.28 4.16 
73 1.30 0.29 4.16 
74 1.29 0.30 4.16 
75 1.29 0.29 4.16 
76 1.31 0.26 3.74 
77 1.33 0.27 4.16 
78 1.37 0.26 4.16 
79 1.40 0.30 3.40 
80 1.43 0.27 3.74 
81 1.45 0.29 2.34 
82 1.46 0.31 2.88 
83 1.44 0.33 2.88 
 89
84 1.43 0.32 2.67 
85 1.40 0.31 2.88 
86 1.36 0.30 2.88 
87 1.32 0.32 2.67 
88 1.25 0.31 2.88 
89 1.15 0.30 2.88 
90 1.07 0.33 3.40 
91 1.00 0.32 3.12 
    
    
PT 2 
Run Mean Water Level Wave Height Peak Spectral 
Period 
0.31 3.12 
3 0.75 0.35 
   
    
1 0.63 
2 0.67 0.34 3.40 
3.40 
4 0.80 0.34 3.74 
5 0.86 0.38 3.40 
6 0.90 0.36 3.40 
7 0.94 0.32 2.88 
8 0.98 0.34 2.88 
9 1.05 0.33 3.74 
10 1.10 0.37 3.74 
11 1.13 0.32 2.88 
12 NA NA NA 
13 1.15 0.38 3.12 
14 1.15 0.39 3.74 
15 1.11 0.36 4.16 
16 1.08 0.33 3.74 
17 1.04 0.32 3.40 
18 0.96 0.31 3.74 
19 0.91 0.33 3.40 
20 0.87 0.29 4.68 
21 0.83 0.30 3.74 
22 0.78 0.29 3.74 
23 NA NA NA 
24 0.77 0.23 3.74 
25 0.81 0.26 4.16 
26 0.81 0.23 4.16 
27 0.83 0.23 4.16 
28 0.84 0.27 4.16 
29 0.81 0.23 4.16 
30 0.84 0.24 3.74 
31 0.85 0.26 4.16 
32 0.90 0.29 4.16 
33 0.92 0.31 4.41 
 90
34 0.88 0.32 2.88 
35 0.84 0.36 2.88 
36 0.82 0.39 3.12 
37 0.80 0.42 3.74 
38 0.75 0.39 3.40 
39 0.72 0.38 3.74 
40 0.64 0.34 3.74 
41 0.57 0.31 3.74 
42 0.52 0.28 4.16 
43 NA NA NA 
44 NA NA NA 
45 NA NA NA 
46 NA NA NA 
47 NA NA NA 
48 NA NA NA 
49 NA NA NA 
50 NA NA NA 
51 NA NA NA 
52 NA NA NA 
53 0.54 0.28 4.16 
54 0.62 0.31 4.16 
55 0.70 0.36 4.16 
56 0.77 0.36 4.16 
57 0.87 0.37 4.16 
58 0.95 0.32 4.16 
59 1.03 0.37 4.16 
60 1.11 0.39 4.68 
61 1.14 0.35 4.68 
62 1.18 0.38 4.16 
63 1.19 0.32 4.16 
64 1.20 0.37 4.16 
65 1.18 0.33 4.16 
66 1.14 0.33 4.16 
67 1.08 0.31 4.16 
68 1.03 0.30 4.68 
69 0.96 0.29 4.16 
70 0.91 0.32 4.16 
71 0.87 0.27 4.16 
72 0.84 0.29 4.16 
73 0.83 0.29 4.16 
74 0.81 0.31 4.16 
75 0.82 0.29 4.16 
76 0.84 0.25 4.16 
77 0.86 0.28 4.16 
78 0.89 0.28 4.16 
79 0.93 0.29 4.16 
80 0.96 0.29 2.67 
81 0.98 0.32 2.49 
 91
82 0.99 0.32 3.12 
83 0.97 0.35 2.67 
84 0.96 0.35 3.12 
85 0.93 0.32 2.67 
86 0.89 0.28 3.12 
87 0.85 0.30 3.12 
88 0.78 0.29 2.67 
89 0.68 0.29 2.88 
90 0.60 0.28 3.40 
91 0.54 0.25 3.12 
    
    
PT 3 
Mean Water Level Wave Height Peak Spectral 
Period 
2 NA NA 
   
    
Run 
1 NA NA NA 
NA 
3 NA NA NA 
4 NA NA NA 
5 NA NA NA 
6 NA NA NA 
7 NA NA NA 
8 NA NA NA 
9 0.35 0.24 3.40 
10 0.39 0.29 3.74 
11 0.43 0.28 3.74 
12 NA NA NA 
13 0.45 0.31 3.74 
14 0.44 0.31 3.74 
15 0.40 0.29 4.16 
16 0.37 0.28 3.74 
17 0.33 0.26 4.68 
18 NA NA NA 
19 NA NA NA 
20 NA NA NA 
21 NA NA NA 
22 NA NA NA 
23 NA NA NA 
24 NA NA NA 
25 NA NA NA 
26 NA NA NA 
27 NA NA NA 
28 NA NA NA 
29 NA NA NA 
30 NA NA NA 
31 NA NA NA 
32 NA NA NA 
 92
33 NA NA NA 
34 NA NA NA 
35 NA NA NA 
36 NA NA NA 
37 NA NA NA 
38 NA NA NA 
39 NA NA NA 
40 NA NA NA 
41 NA NA NA 
42 NA NA NA 
43 NA NA NA 
44 NA NA NA 
45 NA NA NA 
46 NA NA NA 
47 NA NA NA 
48 NA NA NA 
49 NA NA NA 
50 NA NA NA 
51 NA NA NA 
52 NA NA NA 
53 NA NA NA 
54 NA NA NA 
55 NA NA NA 
56 NA NA NA 
57 NA NA NA 
58 NA NA NA 
59 0.33 0.25 4.16 
60 0.40 0.31 4.68 
61 0.44 0.32 4.68 
62 0.47 0.34 4.16 
63 0.49 0.30 4.68 
64 0.49 0.34 4.16 
65 0.48 0.32 4.16 
66 0.43 0.31 4.68 
67 0.37 0.28 4.16 
68 0.32 0.24 4.68 
69 NA NA NA 
70 NA NA NA 
71 NA NA NA 
72 NA NA NA 
73 NA NA NA 
74 NA NA NA 
75 NA NA NA 
76 NA NA NA 
77 NA NA NA 
78 NA NA NA 
79 NA NA NA 
80 NA NA NA 
 93
81 NA NA NA 
82 NA NA NA 
83 NA NA NA 
84 NA NA NA 
85 NA NA NA 
86 NA NA NA 
87 NA NA NA 
88 NA NA NA 
89 NA NA NA 
90 NA NA NA 
91 NA NA NA 
    
    
PT 4 
Mean Water Level Wave Height Peak Spectral 
Period 
2 0.96 0.36 
   
    
Run 
1 0.92 0.33 3.40 
3.40 
3 1.03 0.34 3.12 
4 1.08 0.40 3.40 
5 1.14 0.39 3.40 
6 1.19 0.36 3.74 
7 1.23 0.37 3.74 
8 1.27 0.36 3.74 
9 1.34 0.35 3.74 
10 1.39 0.35 3.74 
11 1.42 0.35 3.74 
12 NA NA NA 
13 1.44 0.37 3.40 
14 1.43 0.37 3.74 
15 1.39 0.34 3.40 
16 1.37 0.33 4.16 
17 1.33 0.31 3.74 
18 1.25 0.33 3.12 
19 1.20 0.33 3.74 
20 1.15 0.33 3.74 
21 1.12 0.31 3.74 
22 1.07 0.32 4.68 
23 NA NA NA 
24 1.06 0.26 4.16 
25 1.09 0.27 4.16 
26 1.10 0.25 4.68 
27 1.12 0.24 4.16 
28 1.12 0.27 3.74 
29 1.10 0.25 4.68 
30 1.13 0.24 4.16 
31 1.13 0.24 4.16 
 94
32 1.19 0.27 3.74 
33 1.20 0.35 4.17 
34 1.17 0.35 2.59 
35 1.13 0.36 3.12 
36 1.11 0.38 3.40 
37 1.08 0.42 3.74 
38 1.03 0.41 3.74 
39 1.00 0.40 3.74 
40 0.92 0.40 4.16 
41 0.84 0.38 4.16 
42 0.80 0.37 4.16 
43 0.75 0.33 3.74 
44 0.68 0.32 3.74 
45 0.62 0.30 4.16 
46 0.59 0.29 4.16 
47 0.54 0.25 4.16 
48 0.56 0.26 3.74 
49 0.58 0.27 4.16 
50 0.64 0.29 3.74 
51 0.69 0.30 3.74 
52 0.75 0.34 4.16 
53 0.82 0.34 4.16 
54 0.91 0.34 4.16 
55 0.98 0.39 4.16 
56 1.06 0.33 4.68 
57 1.16 0.37 4.68 
58 1.24 0.34 3.74 
59 1.32 0.34 4.16 
60 1.40 0.39 4.68 
61 1.43 0.38 4.68 
62 1.47 0.38 4.16 
63 1.48 0.31 4.16 
64 1.49 0.35 4.16 
65 1.47 0.32 4.16 
66 1.43 0.31 4.16 
67 1.37 0.29 4.16 
68 1.32 0.28 4.16 
69 1.25 0.26 4.16 
70 1.20 0.30 4.16 
71 1.16 0.30 4.16 
72 1.13 0.29 4.16 
73 1.12 0.30 4.16 
74 1.10 0.30 4.16 
75 1.11 0.29 4.68 
76 1.13 0.25 3.74 
77 1.15 0.28 3.74 
78 1.18 0.27 4.16 
79 1.21 0.28 3.74 
 95
80 1.24 0.27 2.34 
81 1.27 0.28 4.16 
82 1.27 0.32 4.16 
83 1.26 0.31 3.12 
84 1.24 0.31 3.12 
85 1.21 0.28 2.88 
86 1.17 0.28 2.67 
87 1.13 0.28 4.16 
88 1.06 0.29 2.67 
89 0.96 0.27 3.12 
90 0.88 0.32 3.40 
91 0.81 0.29 3.12 
    
    
PT 5 
Mean Water Level Wave Height Peak Spectral 
Period 
2 0.56 0.23 
   
    
Run 
1 0.52 0.21 3.74 
3.74 
3 NA NA NA 
4 NA NA NA 
5 0.76 0.27 3.40 
6 0.81 0.24 3.74 
7 0.85 0.26 3.40 
8 0.89 0.25 3.74 
9 0.96 0.22 3.74 
10 1.01 0.21 3.74 
11 1.04 0.21 3.40 
12 NA NA NA 
13 1.07 0.25 3.74 
14 1.06 0.24 3.74 
15 1.02 0.21 4.16 
16 1.00 0.21 4.16 
17 0.95 0.19 4.16 
18 0.88 0.21 3.74 
19 0.83 0.21 4.68 
20 0.78 0.23 4.68 
21 0.74 0.22 3.74 
22 0.69 0.22 4.68 
23 NA NA NA 
24 0.69 0.18 4.16 
25 0.72 0.19 4.16 
26 0.72 0.17 4.68 
27 0.75 0.17 4.16 
28 0.75 0.20 4.16 
29 0.72 0.17 4.68 
30 0.75 0.17 5.34 
 96
31 0.76 0.17 4.68 
32 0.81 0.18 4.16 
33 0.83 0.25 4.17 
34 0.79 0.24 2.68 
35 0.76 0.26 4.16 
36 0.74 0.27 4.16 
37 0.71 0.30 3.74 
38 0.66 0.29 3.40 
39 0.63 0.29 4.16 
40 0.56 0.26 3.74 
41 0.48 0.23 4.16 
42 0.43 0.22 4.16 
43 0.39 0.19 4.16 
44 NA NA NA 
45 NA NA NA 
46 NA NA NA 
47 NA NA NA 
48 NA NA NA 
49 NA NA NA 
50 NA NA NA 
51 0.30 0.14 4.16 
52 0.35 0.14 4.16 
53 0.41 0.21 4.16 
54 NA NA NA 
55 0.57 0.24 4.16 
56 0.65 0.26 4.16 
57 0.74 0.29 4.68 
58 0.82 0.28 4.16 
59 0.90 0.27 4.16 
60 0.97 0.32 4.68 
61 1.01 0.31 4.68 
62 1.05 0.30 4.16 
63 1.06 0.24 4.68 
64 1.06 0.26 4.16 
65 1.04 0.24 4.16 
66 1.00 0.25 4.16 
67 0.95 0.21 4.16 
68 0.90 0.20 4.68 
69 0.83 0.20 4.16 
70 0.78 0.22 4.16 
71 0.75 0.21 4.68 
72 0.73 0.20 4.68 
73 0.71 0.23 4.16 
74 0.69 0.22 4.16 
75 0.70 0.22 4.68 
76 0.72 0.18 4.68 
77 0.73 0.18 3.40 
78 0.76 0.19 4.16 
 97
79 0.80 0.22 4.16 
80 0.82 0.20 4.16 
81 0.85 0.20 4.16 
82 0.85 0.22 4.68 
83 0.84 0.22 3.12 
84 0.83 0.21 2.67 
85 0.80 0.19 4.16 
86 0.76 0.20 2.88 
87 0.73 0.23 4.16 
88 0.66 0.23 4.16 
89 0.56 0.22 3.12 
90 0.48 0.22 3.40 
91 0.40 0.20 3.40 
    
    
PT 6 
Mean Water Level Wave Height Peak Spectral 
Period 
2 NA NA 
   
    
Run 
1 NA NA NA 
NA 
3 NA NA NA 
4 NA NA NA 
5 NA NA NA 
6 NA NA NA 
7 NA NA NA 
8 NA NA NA 
9 NA NA NA 
10 NA NA NA 
11 0.31 0.22 4.68 
12 0.37 0.15 3.40 
13 0.33 0.24 5.34 
14 0.32 0.24 4.16 
15 0.28 0.22 4.68 
16 NA NA NA 
17 NA NA NA 
18 NA NA NA 
19 NA NA NA 
20 NA NA NA 
21 NA NA NA 
22 NA NA NA 
23 NA NA NA 
24 NA NA NA 
25 NA NA NA 
26 NA NA NA 
27 NA NA NA 
28 NA NA NA 
29 NA NA NA 
 98
30 NA NA NA 
31 NA NA NA 
32 NA NA NA 
33 NA NA NA 
34 NA NA NA 
35 NA NA NA 
36 NA NA NA 
37 NA NA NA 
38 NA NA NA 
39 NA NA NA 
40 NA NA NA 
41 NA NA NA 
42 NA NA NA 
43 NA NA NA 
44 NA NA NA 
45 NA NA NA 
46 NA NA NA 
47 NA NA NA 
48 NA NA NA 
49 NA NA NA 
50 NA NA NA 
51 NA NA NA 
52 NA NA NA 
53 NA NA NA 
54 NA NA NA 
55 NA NA NA 
56 NA NA NA 
57 NA NA NA 
58 NA NA NA 
59 NA NA NA 
60 NA NA NA 
61 NA NA NA 
62 0.36 0.28 4.68 
63 0.37 0.23 4.68 
64 0.38 0.25 4.68 
65 0.36 0.22 4.16 
66 0.32 0.23 4.68 
67 NA NA NA 
68 NA NA NA 
69 NA NA NA 
70 NA NA NA 
71 NA NA NA 
72 NA NA NA 
73 NA NA NA 
74 NA NA NA 
75 NA NA NA 
76 NA NA NA 
77 NA NA NA 
 99
78 NA NA NA 
79 NA NA NA 
80 NA NA NA 
81 NA NA NA 
82 NA NA NA 
83 NA NA NA 
84 NA NA NA 
85 NA NA NA 
86 NA NA NA 
87 NA NA NA 
88 NA NA NA 
89 NA NA NA 
90 NA NA NA 
91 NA NA NA 
    
    
PT 8    
    
el Wave Height Peak Spectral 
Period 
N  NA NA 
NA NA 
4 NA NA 
28 NA NA NA 
Run Mean Water Lev
1 A
2 NA 
3 NA NA NA 
NA 
5 NA NA NA 
6 NA NA NA 
7 NA NA NA 
8 0.27 0.14 4.16 
9 0.34 0.14 4.16 
10 0.39 0.15 4.68 
11 0.42 0.16 4.68 
12 NA NA NA 
13 0.44 0.16 4.68 
14 0.43 0.16 3.74 
15 0.39 0.15 4.68 
16 0.37 0.15 4.68 
17 0.33 0.13 4.16 
18 0.25 0.13 4.16 
19 0.20 0.11 4.68 
20 NA NA NA 
21 NA NA NA 
22 NA NA NA 
23 NA NA NA 
24 NA NA NA 
25 NA NA NA 
26 NA NA NA 
27 NA NA NA 
 100
29 NA NA NA 
30 NA NA NA 
31 NA NA NA 
32 NA NA NA 
33 NA NA NA 
34 NA NA NA 
35 NA NA NA 
36 NA NA NA 
37 NA NA NA 
38 NA NA NA 
39 N  NA NA 
40 NA NA NA 
42 NA NA 
76 NA NA NA 
A
41 NA NA NA 
NA 
43 NA NA NA 
44 NA NA NA 
45 NA NA NA 
46 NA NA NA 
47 NA NA NA 
48 NA NA NA 
49 NA NA NA 
50 NA NA NA 
51 NA NA NA 
52 NA NA NA 
53 NA NA NA 
54 NA NA NA 
55 NA NA NA 
56 NA NA NA 
57 NA NA NA 
58 NA NA NA 
59 0.32 0.18 9.35 
60 0.39 0.21 4.68 
61 0.43 0.18 4.68 
62 0.47 0.18 4.68 
63 0.48 0.16 4.68 
64 0.49 0.17 4.16 
65 0.47 0.14 4.16 
66 0.43 0.15 4.16 
67 0.37 0.14 4.16 
68 0.32 0.14 4.68 
69 0.25 0.12 4.68 
70 NA NA NA 
71 NA NA NA 
72 NA NA NA 
73 NA NA NA 
74 NA NA NA 
75 NA NA NA 
 101
77 NA NA NA 
78 NA NA NA 
N  NA NA 
80 NA NA NA 
82 NA NA 
Mean Water Level Wav ght Peak Spectral 
Period 
NA 
NA 
NA 
19 NA NA NA 
20 NA NA NA 
N  NA NA 
22 NA NA NA 
NA 
24 NA NA 
26 NA 
NA NA 
79 A
81 NA NA NA 
NA 
83 NA NA NA 
84 NA NA NA 
85 NA NA NA 
86 NA NA NA 
87 NA NA NA 
88 NA NA NA 
89 NA NA NA 
90 NA NA NA 
91 NA NA NA 
    
    
PT 9    
    
Run e Hei
1 NA NA NA 
2 NA NA NA 
3 NA NA NA 
4 NA NA NA 
5 NA NA NA 
6 NA NA NA 
7 NA NA NA 
8 NA NA NA 
9 NA NA NA 
10 NA NA NA 
11 NA NA NA 
12 NA NA NA 
13 NA NA NA 
14 NA NA NA 
15 NA NA NA 
16 NA NA 
17 NA NA 
18 NA NA 
21 A
23 NA NA 
NA 
25 NA NA NA 
NA NA 
27 NA 
 102
28 NA NA NA 
NA 
NA 
NA 
0.19 
0.19 
0.18 
0.15 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.12 
0.15 
0.17 
0.20 
58 0.56 0.20 4.16 
59 0.65 0.21 4.68 
0.  0.24 4.16 
61 0.76 0.23 4.68 
0.23 
63 0.81 0.20 
0.20 
0.22 
0.20 
0.19 
0.18 
0.17 
0.16 
0.17 
0.16 
0.15 
0.14 
0.14 
29 NA NA NA 
30 NA NA NA 
31 NA NA 
32 NA NA NA 
33 NA NA 
34 NA NA NA 
35 NA NA 
36 0.45 3.74 
37 0.42 3.40 
38 0.38 3.74 
39 0.35 0.16 4.16 
40 0.28 4.68 
41 0.22 0.10 4.16 
42 NA NA 
43 NA NA 
44 NA NA NA 
45 NA NA 
46 NA NA NA 
47 NA NA NA 
48 NA NA 
49 NA NA 
50 NA NA 
51 NA NA 
52 NA NA 
53 NA NA 
54 0.24 4.68 
55 0.31 4.16 
56 0.39 4.16 
57 0.49 4.16 
60 72
62 0.80 4.16 
4.16 
64 0.82 4.16 
65 0.79 4.16 
66 0.75 4.16 
67 0.69 4.16 
68 0.64 4.16 
69 0.57 4.16 
70 0.51 4.68 
71 0.47 4.16 
72 0.44 4.16 
73 0.42 4.68 
74 0.40 4.68 
75 0.41 4.68 
 103
76 0.43 0.15 
0.15 
0.17 
0.16 
0.17 
0.17 
0.18 
0.18 
0.18 
0.18 
0.16 
0.16 
0.14 
NA 
NA 
NA 
 
D.2 Arrangement 2 
 
  
Run Mean Water Level Wave Height Peak Spectral 
Period 
92 1.20 0.32 3.74 
0.35 
94 1.09 0.32 
0.31 
0.30 
0.28 
0.25 
0.26 
0.25 
0.27 
0.28 
0.31 
0.32 
0.36 
0.39 
0.41 
0.40 
0.45 
0.40 
0.39 
0.46 
0.47 
0.45 
4.68 
77 0.45 4.16 
78 0.48 4.16 
79 0.51 4.68 
80 0.55 4.68 
81 0.57 2.88 
82 0.58 4.16 
83 0.57 4.16 
84 0.55 2.88 
85 0.53 2.88 
86 0.50 2.88 
87 0.46 4.68 
88 0.40 3.40 
89 NA NA 
90 NA NA 
91 NA NA 
ADV   
  
93 1.12 3.12 
3.12 
95 1.02 3.40 
96 1.01 3.40 
97 1.02 3.74 
98 1.03 3.74 
99 1.08 3.40 
100 1.16 3.74 
101 1.24 3.74 
102 1.34 3.40 
103 1.45 3.74 
104 1.56 3.74 
105 1.63 3.74 
106 1.73 3.74 
107 1.82 3.74 
108 1.90 3.40 
109 1.97 3.74 
110 2.01 4.16 
111 2.06 3.74 
112 2.06 3.74 
113 2.05 3.74 
114 2.04 4.16 
 104
115 1.98 0.46 
0.43 
0.44 
0.40 
0.40 
0.38 
0.33 
0.33 
0.31 
0.30 
 
  
Run Mean Water Level Wave Height Peak Spectral 
Period 
0.  0.32 3.40 
93 0.75 0.28 3.12 
0.29 
95 0.64 0.25 
0.25 
0.25 
0.24 
0.23 
0.22 
0.25 
0.25 
0.28 
0.30 
0.35 
0.36 
0.36 
0.39 
0.42 
0.38 
0.36 
0.42 
0.37 
0.48 
0.45 
0.40 
0.38 
0.39 
0.38 
0.34 
0.30 
0.32 
0.26 
0.30 
3.74 
116 1.93 3.74 
117 1.91 4.16 
118 1.82 4.16 
119 1.78 4.16 
120 1.74 3.74 
121 1.69 4.16 
122 1.67 4.16 
123 1.68 3.74 
124 1.67 4.16 
PT 1   
  
92 83
94 0.71 2.67 
3.12 
96 0.63 3.74 
97 0.63 3.40 
98 0.65 3.40 
99 0.69 3.74 
100 0.76 3.74 
101 0.85 3.40 
102 0.95 3.74 
103 1.05 3.74 
104 1.17 3.74 
105 1.23 3.74 
106 1.34 3.74 
107 1.43 3.74 
108 1.51 3.74 
109 1.59 3.74 
110 1.62 4.16 
111 1.67 4.16 
112 1.67 3.40 
113 1.66 3.74 
114 1.65 4.16 
115 1.59 3.74 
116 1.54 4.16 
117 1.52 4.16 
118 1.42 4.16 
119 1.38 4.16 
120 1.34 4.16 
121 1.29 4.16 
122 1.27 4.16 
123 1.27 4.16 
124 1.27 4.68 
 105
    
  
 
  
Run Mean Water Level Wave Height Peak Spectral 
Period 
92 NA NA NA 
NA 
94 NA NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.22 
0.25 
0.30 
0.29 
0.32 
0.34 
0.34 
0.38 
0.40 
0.38 
0.38 
0.40 
0.39 
0.45 
0.42 
0.42 
0.39 
0.38 
0.36 
0.31 
0.30 
0.31 
0.27 
0.28 
  
  
 
  
Run Mean Water Level Wave Height Peak Spectral 
Period 
92 NA NA NA 
NA 
94 NA NA 
  
PT 2   
  
93 NA NA 
NA 
95 NA NA 
96 NA NA 
97 NA NA 
98 NA NA 
99 NA NA 
100 NA NA 
101 0.47 4.16 
102 0.57 3.74 
103 0.67 4.16 
104 0.79 3.74 
105 0.85 3.74 
106 0.96 3.74 
107 1.05 3.74 
108 1.13 3.74 
109 1.21 3.74 
110 1.25 4.16 
111 1.29 4.16 
112 1.29 3.74 
113 1.28 3.74 
114 1.27 4.16 
115 1.21 3.74 
116 1.16 4.16 
117 1.13 4.16 
118 1.04 4.16 
119 0.99 4.16 
120 0.96 4.16 
121 0.91 3.74 
122 0.89 4.16 
123 0.89 4.16 
124 0.89 3.74 
  
  
PT 3   
  
93 NA NA 
NA 
 106
95 NA NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.16 
0.14 
0.14 
0.15 
0.16 
0.15 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
  
  
 
    
Run Mean Water Level ave Height Peak Spectral 
Period 
92 NA NA NA 
93 NA NA NA 
94 NA NA NA 
95 NA NA NA 
96 NA NA NA 
97 NA NA NA 
98 NA NA NA 
99 NA NA NA 
100 NA NA NA 
101 NA NA NA 
102 NA NA NA 
103 NA NA NA 
NA 
96 NA NA 
97 NA NA 
98 NA NA 
99 NA NA 
100 NA NA 
101 NA NA 
102 NA NA 
103 NA NA 
104 NA NA 
105 NA NA 
106 NA NA 
107 NA NA 
108 0.30 3.74 
109 0.38 3.74 
110 0.42 3.74 
111 0.46 4.16 
112 0.46 3.74 
113 0.45 4.16 
114 NA NA 
115 NA NA 
116 NA NA 
117 NA NA 
118 NA NA 
119 NA NA 
120 NA NA 
121 NA NA 
122 NA NA 
123 NA NA 
124 NA NA 
  
  
PT 4   
W
 107
104 NA NA NA 
105 NA NA NA 
107 0.34 0.14 3.40 
109 0.50 0.19 3.74 
111 0.58 0.20 4.16 
113 0.57 0.21 4.16 
 0.56 0.21 3.74 
115 0.50 0.20 4.16 
116 0.45 0.19 4.16 
117 0.42 0.19 4.16 
118 0.33 0.16 4.16 
119 0.29 0.14 4.16 
120 0.25 0.12 4.68 
121 0.21 0.10 4.68 
122 0.19 0.08 4.16 
123 0.19 0.08 4.68 
124 0.19 0.07 4.16 
    
    
PT 5    
    
Run Mean Water Level Wave Height Peak Spectral 
Period 
92 NA NA NA 
93 NA NA NA 
94 NA NA NA 
95 NA NA NA 
96 NA NA NA 
97 NA NA NA 
98 NA NA NA 
99 NA NA NA 
100 NA NA NA 
101 NA NA NA 
102 NA NA NA 
103 NA NA NA 
104 NA NA NA 
105 0.22 0.15 3.74 
106 0.33 0.19 4.16 
107 0.41 0.22 3.40 
108 0.49 0.25 4.16 
109 0.56 0.30 3.74 
110 0.60 0.31 3.12 
111 0.65 0.35 4.16 
112 0.65 0.33 3.74 
106 0.25 0.13 4.16 
108 0.42 0.18 3.74 
110 0.53 0.20 3.74 
112 0.58 0.21 3.74 
114
 108
 109
113 0.64 0.29 4.16 
114 0.63 0.34 3.74 
115 0.57 0.29 4.16 
116 0.52 0.27 4.16 
117 0.50 0.27 4.16 
118 0.41 0.21 4.16 
119 0.36 0.20 4.16 
120 0.33 0.18 4.16 
121 0.28 0.17 4.68 
122 0.27 0.14 4.16 
123 0.26 0.13 4.16 
124 0.27 0.13 4.16 
    
    
PT 6    
    
Run Mean Water Level Wave Height Peak Spectral 
Period 
92 NA NA NA 
93 NA NA NA 
94 NA NA NA 
95 NA NA NA 
96 NA NA NA 
97 NA NA NA 
98 NA NA NA 
99 NA NA NA 
100 NA NA NA 
101 NA NA NA 
102 NA NA NA 
103 NA NA NA 
104 NA NA NA 
105 NA NA NA 
106 0.29 0.11 4.16 
107 0.38 0.11 4.68 
108 0.46 0.12 3.74 
109 0.54 0.11 4.16 
110 0.58 0.12 4.16 
111 0.62 0.12 4.16 
112 0.62 0.12 4.16 
113 0.61 0.11 4.16 
114 0.56 0.12 4.16 
115 0.50 0.13 4.16 
116 0.45 0.14 4.16 
117 0.43 0.14 4.16 
118 0.33 0.14 4.16 
119 0.29 0.13 4.16 
120 0.24 0.13 4.68 
121 NA NA NA 
 110
122 NA NA NA 
123 NA NA NA 
124 NA NA NA 
    
    
PT 8    
    
Run Mean Water Level Wave Height Peak Spectral 
Period 
92 NA NA NA 
93 NA NA NA 
94 NA NA NA 
95 NA NA NA 
96 NA NA NA 
97 NA NA NA 
98 NA NA NA 
99 NA NA NA 
100 NA NA NA 
101 NA NA NA 
102 NA NA NA 
103 NA NA NA 
104 NA NA NA 
105 NA NA NA 
106 NA NA NA 
107 0.29 0.16 4.16 
108 0.37 0.15 3.74 
109 0.45 0.17 3.74 
110 0.48 0.18 3.74 
111 0.53 0.18 4.16 
112 0.53 0.17 4.16 
113 0.52 0.17 3.74 
114 0.55 0.18 4.16 
115 0.49 0.20 4.16 
116 0.44 0.18 4.16 
117 0.42 0.17 4.16 
118 0.33 0.15 4.16 
119 0.28 0.14 4.16 
120 0.25 0.12 4.16 
121 0.20 0.09 7.48 
122 0.18 0.08 4.16 
123 0.17 0.08 4.68 
124 0.18 0.08 4.68 
    
    
PT 9    
    
Run Mean Water Level Wave Height Peak Spectral 
Period 
 111
92 NA NA NA 
93 NA NA NA 
94 NA NA NA 
95 NA NA NA 
96 NA NA NA 
97 NA NA NA 
98 NA NA NA 
99 NA NA NA 
100 NA NA NA 
101 NA NA NA 
102 NA NA NA 
103 NA NA NA 
104 0.39 0.15 3.74 
105 0.46 0.18 3.74 
106 0.57 0.19 3.74 
107 0.66 0.21 2.67 
108 0.75 0.23 3.74 
109 0.82 0.23 3.74 
110 0.86 0.25 3.12 
111 0.91 0.27 3.74 
112 0.91 0.26 3.74 
113 0.91 0.25 4.16 
114 0.90 0.26 3.74 
115 0.83 0.25 4.16 
116 0.77 0.23 4.16 
117 0.74 0.24 4.16 
118 0.64 0.21 4.16 
119 0.59 0.21 3.74 
120 0.55 0.21 4.16 
121 0.50 0.19 4.16 
122 0.48 0.18 4.16 
123 0.48 0.17 4.68 
124 0.48 0.17 4.16 
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